The biological activity of in vitro methylated H5V-TK DNA was analysed after microinjection into thymidine kinase negative rat 2 cells. It was found that the fully methylated DNA (Hpa 11 methylase) was as active as the non methylated control DNA for about 48 hours after injection. DNA reextraction experiments and blot analysis showed that DNA demethylation was not the reason for the observed TK activity. With prolonged cultivation time the methylated DNA becomes rapidly inactive and 100 hrs after injection thymidine incorporation was no longer detectable in the recipient cells. In transformed cells, obtained after coinjection with SV40 DNA, the HSV-DNA was partially demethylated and inactive. Addition of 5-azacytidine to the culture medium induced further demethylation and reactivation of the thymidine kinase gene.
INTRODUCTION
Change of the DNA methylation pattern is considered as one possible gene control mechanism in eukaryotic cells. The current model proposes that demethylation is a necessary although not a sufficient step to allow transcription of the DNA by the RNA polymerase II (reviewed in 1). This assumption is based on the observation that different genes are less methylated in their active, than in their inactive state (2) (3) (4) . Furthermore it was shown that some in vitro methylated genes (e.g. HSV-TK DNA) were inactive following transfection or microinjection into culture cells (5) (6) (7) (8) (9) (10) . So far it is not known how methylation affects gene expression (11) . To gain more understanding of the molecular basis of this mechanism, we asked whether DNA raethylation per se is sufficient, or whether additional events are required to inhibit TK-gene expression after the transfer into TK-negative rat 2 cells. To ascertain that the observed TK-activity was not due to the contamination of the DNA with a low number of undermethylated molecules, not detectable by blot analysis (Fig. 2) , experiments with lower DNA concentrations were performed. As summarized in table 1, TK activity was also demonstrable with a high level of efficiency after transfer of only 2-4 methylated DNA molecules per cell.
Expression of the TK DNAs was also not caused by partial or total demethylation of the DNA inside of the recipient cells. Ue reextracted the DNA at various points after injection and analysed the methylation pattern of the Hpall and Hspl restricted DNA by Southern blotting technique (15) . As shown in Fig. 5 , the AEK DNA reextracted 8 hrs after injection was still entirely resistant to Hpall endonuclease digestion, but sensitive to the Hspl enzyme.
In a second set of experiments we analysed the transformation efficiency of the methylated, as well as the non methylated HSV-TK DNAs. Single rat 2 cells, grown on small glass slides subdivided into numbered squares, were microinjected into the nuclei with 20-40 DNA molecules per cell (20) . Two days after injection, slides with the cells were transferred into HAT medium and TK positive clones were counted two to three weeks later. As summarized in table 2, stable  TK types of the HSV-TK-plasmids (Fig. 1) . Addition of CdSCK or ZnCl,, to the culture medium of AEK piasmid injected cells did not increase the transformation rate. Using HAT medium for selection we could not obtain TK positive clones from cells microinjected with the methylated DNAs ( Table 2) . Therefore, we coinjected the methylated HSV-TK-DNA with SV40 DNA and selected for SV40 transformants. The SV40 DNA induced transformation rate was again 20-308. In this way, more than 20 independent T-antigen positive cell lines were isolated. They did not grow in HAT medium. To analyse the state and the methylation pattern of the HSV-TK DNA in the tranaformants, cellular DNA was extracted and analysed by DNA blotting. For these experiments one cell line was randomly chosen from each category of transformants as listed in table 2. In all cases the HSV-TK DNA was found to be covalently integrated into the host genome but partially demethylated. However reactivation of the HSV-TK gene in the transformed cells was obtained after addition of 5-azacytidine (2-10 (xH for 48 hrs) to the culture medium which was connected with a further degree of DNA demethylation. As shown in Fig. 6 , many of the HSV-TK Hpall sites are demethylated in the pHSV-106 transformants after induction with 5-azacytidine and selection in HAT medium.
So far, we do not know which site of the HSV-DNA has to be demethylated to allow reactivation of the TK-gene. Our experiments demonstrate that inhibition of HSV-TK gene expression by DNA methylation occurs after a latency period of several hours in microinjected rat 2 cells. This observation indicates that DNA methylation per se does not block gene expression, but requires a further event(s) which occur(s) late after the microinjection of nacked methylated DNA. This might be the association of the DNA with cellular proteins, change of the DNA conformation, or its integration into the host genome.
The exact time point of the transition from methylation insensitivity to sensitivity cannot be determined from our experiments, since our results are based on thymidine kinase activity and not on the transcription rate of the injected DNA.
Remarkable is also the high transformation efficiency. After intranuclear microin jection of the DNA, 20-30SS of the These observations support the assumption that the transcription rate is not essential for the high transformation efficiency of the injected HSV-TK-DNA in rat 2 cells.
